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(54) Method and apparatus for controlling variable displacement compressor 



(57) A variable displacement compressor in a refrig- 
eration circuit (38) using carbon dioxide refrigerant. The 
compressor changes the inclination of a swash plate 
(18) located in a control chamber (121) in accordance 
with the difference between the pressure in the control 
chamber (121) and the pressure in a suction chamber 

(131) thereby varying the compressor displacement 
The compressor includes a control valve (25) that 
adjusts the difference between the pressure in the con- 
trol chamber (121) and the pressure in the suction pres- 
sure (131). The control valve (25) controls the flow rate 
of refrigerant supplied from the discharge chamber 

(132) to the control chamber (121) thereby adjusting the 
pressure difference. A controller (33) inputs information 
from the outside of the refrigeration circuit (38). The out- 
side information includes the outside temperature, the 
temperature of a passenger compartment and a target 
compartment temperature set by a temperature 
adjuster (36). The controller (33) sets a target value of 
the pressure of refrigerant discharged from the com- 
pressor in accordance with the outside information. The 
controller (33) then controls the current supplied to the 
control valve (25) such that the target discharge pres- 
sure is rapidly reached. The compressor reduces 
unnecessary operation thereby reducing the power con- 
sumption and the load. 
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Description 



BACKGROUND OF THE INVENTION 



[0001 ] The present invention relates to a variable dis- 
placement compressor used in a refrigeration circuit 
that performs heat exchange at temperatures both 
above and below the critical temperature of the refriger- 
ant Specifically, the present invention pertains to a 
method and an apparatus for controlling a variable dis- 
placement compressor that changes its displacement 
based on the difference between a control pressure in a 
control chamber and a suction pressure in a suction 
pressure zone. 

[0002] A variable displacement compressor used in a 
refrigeration circuit generally has a housing that houses 
a control chamber and a rotatable drive shaft Cylinder 
bores extend through a cylinder block, which forms part 
of the housing. A piston is reciprocally retained in each 
cylinder bore. A swash plate is tiltably supported on the 
drive shaft in the control chamber. The swash plate con- 
verts rotation of the drive shaft into reciprocation of the 
pistons. This draws refrigerant gas into the associated 
cylinder bore from a suction chamber, compresses the 
refrigerant gas, and then discharges the compressed 
refrigerant gas into a discharge chamber. The inclina- 
tion of the swash plate is altered in accordance with the 
difference between the pressure of the cylinder bores 
and the pressure of the control chamber. In other words, 
the swash plate's inclination is altered in accordance 
with the difference between the suction pressure and 
the control pressure. The inclination of the swash plate 
is smaller when the pressure difference is larger. That 
is, the inclination of the swash plate decreases as the 
control pressure becomes higher relative to the suction 
pressure. A decrease in the inclination of the swash 
plate shortens the stroke of the pistons and decreases 
the displacement of the compressor. 
[0003] A typical refrigeration circuit having the above 
compressor further includes a condenser, an expansion 
valve and an evaporator. The compressor compresses 
gaseous refrigerant sent from the evaporator. The con- 
denser receives Ngh pressure, high temperature gase- 
ous refrigerant from the compressor. The condenser 
then cools the refrigerant by performing heat exchange 
with the outside air thereby liquefying the refrigerant 
The expansion valve receives the liquefied refrigerant 
from the condenser and expands the refrigerant into low 
temperature, low pressure mist The evaporator gasifies 
the refrigerant mist by performing heat exchange 
between the refrigerant and air to be sent to the passen- 
ger compartment 

[0004] A typical refrigeration circuit uses chlorof luoro- 
carbon as its refrigerant. However, Japanese Unexam- 
ined Patent Publication No. 8-110104 descrtoes a 
compressor that employs carbon dioxide (COg) as its 
refrigerant The critical temperature of carbon dioxide is 
thirty-one deo/ees centigrade, which is about twenty 



degrees lower than that of chlorofluorocarbon. In a 
refrigeration circuit using chlorofluorocarbon as the 
refrigerant, the condenser cools chlorofluorocarbon 
refrigerant to temperatures below the critical tempera- 
5 ture of the chlortf luorocarbon. However, in a refrigera- 
tion circuit using carbon dioxide as the refrigerant, the 
carbon dioxide can be cooled in a temperature range 
higher than the critical temperature of carbon dioxide 
especially in summer, when the outside temperature is 
10 high. 

[0005] A refrigeration circuit that uses chlorofluorocar- 
bon as its refrigerant includes a temperature-type 
expansion valve. When the speed of the compressor's 
drive shaft increases while the thermal load applied on 
15 the circuit remains constant the compressor increases 
the amount of refrigerant discharged therefrom. This 
increases the flow rate of the chlorofluorocarbon refrig- 
erant in the circuit and prevents the evaporator from per- 
forming sufficient heat exchange. Accordingly, the 
20 degree of superheating of the chlorofluorocarbon refrig- 
erant decreases at the outlet of the evaporator. The 
temperature-type expansion valve reduces the flow rate 
of chlorofluorocarbon refrigerant supplied to the evapo- 
rator in accordance with a decrease of the degree of 
25 superheating. The reduction of refrigerant flow rate 
allows the evaporator to perform sufficient heat 
exchange. As a result, the degree of superheating is 
maintained at a proper level. Consequently, the pres- 
sure of refrigerant supplied from the evaporator to the 
30 compressor is lowered. That is, the suction pressure is 
lowered. A decrease of the suction pressure results in a 
greater difference between the suction pressure and the 
control pressure, which, in turn, decreases the com- 
pressor displacement The decrease of the displace- 
35 ment maintains the refrigerant performance of the 
refrigeration circuit The decrease of the suction pres- 
sure also lowers the evaporating temperature of the 
chlorofluorocarbon refrigerant. Thus, the compressor 
can be optimally controlled in accordance with fluctua- 
40 tions in its suction pressure by referring to the tempera- 
ture or the pressure of the refrigerant at the outlet of the 
evaporator. 

[0006] In a refrigeration circuit using carbon dioxide as 
the refrigerant the condenser can cool carbon dioxide 
45 refrigerant in a temperature range above the critical 
temperature of carbon dioxide. This indicates that the 
pressure of the refrigerant in the condenser changes in 
accordance with thermal load applied to the refrigera- 
tion circuit even if the temperature of the refrigerant in 
so the condenser is the same. Thus, a carbon dioxide type 
refrigeration circuit includes a pressure-type expansion 
valve. The pressure-type expansion valve controls the 
flow rate of refrigerant in accordance with the tempera- 
ture and pressure of refrigerant in the condenser, or the 
55 temperature and the pressure of refrigerant discharged 
from the compressor. 

[0007] For example, an increase in the speed of the 
compressor's drive shaft with a constant thermal toad 
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acting on the refrigeration circuit raises the pressure of 
refrigerant discharged from the compressor, or dis- 
charge pressure. However, a pressure-type expansion 
valve increases the flow rate of carbon dioxide refriger- 
ant supplied to the evaporator as the discharge pres- 5 
sure increases, which prevents the suction pressure of 
the compressor from dropping quickly. Thus, the dis- 
placement of the compressor is not decreased immedi- 
ately. Accordingly, the refrigerant performance of the 
circuit is not adjusted promptly. Further, the evaporating 10 
temperature of the carbon dioxide refrigerant in the 
evaporator is not quickly lowered. Therefore, it is difficult 
to optimally control the compressor in accordance with 
fluctuations of the suction pressure by referring to the 
temperature and the pressure of the carbon dioxide 15 
refrigerant at the outlet of the evaporator. Thus, the use 
of a pressure-type expansion valve in a carbon dioxide 
refrigeration circuit increases unnecessary operation of 
the compressor thereby increasing the power consump- 
tion of the compressor and the load acting on the com- 20 
pressor. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an objective of the present 25 
invention to reduce power consumption and load in a 
variable displacement compressor used in a refrigera- 
tion circuit that performs heat exchange above and 
below the critical temperature of the refrigerant 
[0009] To achieve the foregoing and other objectives 30 
and in accordance with the purpose of the present 
invention, a variable displacement compressor is pro- 
vided! The compressor is used in a refrigeration circuit 
that performs heat exchange at temperatures above 
and below the critical temperature of refrigerant. The 35 
compressor includes a suction pressure zone, a dis- 
charge pressure zone, a control chamber and a control 
valve. The pressure of the suction pressure zone is the 
pressure of refrigerant drawn into the compressor from 
a refrigeration circuit The pressure of the discharge 40 
pressure zone is the pressure of refrigerant discharged 
from the compressor into the refrigeration circuit The 
pressure of the control chamber is a control pressure. 
The control valve controls the difference between the 
control pressure in the control chamber and the suction 45 
pressure in the suction pressure zone thereby control- 
ling the compressor displacement, which represents the 
flow rate of refrigerant in the refrigeration circuit. The 
control valve controls at least one of the flow rate of 
refrigerant supplied from the discharge pressure zone so 
to the control chamber and the flow rate of refrigerant 
released from the control chamber to the suction pres- 
sure zone thereby controlling the difference between 
the control pressure and the suction pressure. The com- 
pressor further includes means for obtaining information 55 
required for controlling the compressor displacement 
from outside of the refrigeration circuit means for set- 
ting a target value of flow rate of refrigerant in the refrig- 



eration circuit in accordance with the information and a 
controller for controlling the control valve such that the 
target value is sought. 

[0010] The present invention is also embodied in a 
method for controlling a variable displacement com- 
pressor used in a refrigeration circuit that performs heat 
exchange at temperatures above and below the critical 
temperature of refrigerant The compressor includes a 
suction pressure zone, the pressure of which is the 
pressure of refrigerant drawn into the compressor from 
a refrigeration circuit a discharge pressure zone, the 
pressure of which is the pressure of refrigerant dis- 
charged from the compressor into the refrigeration cir- 
cuit and a control chamber, the pressure of which is a 
control pressure. The method includes steps of control- 
ling the difference between the control pressure in the 
control chamber and the suction pressure in the suction 
pressure zone using a control valve thereby controlling 
the compressor displacement, which represents the 
flow rate of refrigerant in the refrigeration circuit obtain- 
ing information required for controlling the compressor 
displacement from outside of the refrigeration circuit, 
setting a target value of flow rate of refrigerant in the 
refrigeration circuit in accordance with the information, 
and controlling the control valve such that the target 
value is sought. 

[001 1 ] Other aspects and advantages of the invention 
will become apparent from the following description, 
taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 2] The invention, together with objects and advan- 
tages thereof, may best be understood by reference to 
the following description of the presently preferred 
embodiments together with the accompanying draw- 
ings. 

Fig. 1 is a cross-sectional view showing a compres- 
sor according to a first embodiment of the present 
invention; 

Fig. 2 is a cross-sectional view taken along line 2-2 
in Fig. 1 ; 

Fig. 3 is a cross-sectional view taken along line 3-3 
in Fig. 1 ; 

Fig. 4 is an enlarged cross-sectional view showing 
the displacement control valve of Fig. 1 ; 

Fig. 5 is a Mollier diagram; 

Fig. 6 is a graph showing the relationship between 
the outside temperature and a provisional target 
value of the discharge pressure; 
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Fig. 7 is a flowchart illustrating a program for con- 
trolling the compressor of Fig. 1 ; 

Fig. 8 is an enlarged partial cross-sectional view 
illustrating a compressor according to a second 
embodiment of the present invention; 

Fig. 9 is a flowchart illustrating a program for con- 
trolling the compressor of Fig. 8; 

Fig. 10 is an enlarged partial cross-sectional view 
illustrating a compressor according to a third 
embodiment of the present invention; 

Fig. 11 is an enlarged partial cross-sectional view 
illustrating the compressor according to the third 
embodiment; 

Fig. 12 is a flowchart illustrating a program for con- 
trolling the compressor of Fig. 10; 

Fig. 13 is an enlarged partial cross-sectional view 
illustrating a compressor according to a fourth 
embodiment of the present invention; and 

Fig. 14 is an enlarged partial cross-sectional view 
illustrating a compressor according to a fifth 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[001 3] A variable displacement compressor according 
to a first embodiment of the present invention will now 
be described with reference to Figs. 1 to 7. As shown in 
Fig. 1. a front housing 12 and a rear housing 13 are 
fixed to a cylinder block 11. The cylinder block 1 1 and 
the front housing 12 rotatabty support a drive shaft 14 
by means of radial bearings 1 5, 1 6. The drive shaft 14 is 
operaWy coupled to an external drive source such as a 
vehicle engine by an electromagnetic clutch (not 
shown). The clutch selectively transmits the power of 
the engine to the drive shaft 14. A control chamber 121 
is defined in the front housing 12 in front of the cylinder 
block 11. 

[0014] As shown in Figs. 1 and 2, a disk-like rotor 1 7 
is fixed to the drive shaft 14 in the control chamber 121 . 
A support arm 171 having a pair of guide bores 172 
extends from the peripheral portion of the rotor 17. A 
swash plate 18 is supported on the drive shaft 14 in the 
control chamber 121 . The swash plate 18 is permitted to 
incline with respect to and slide along the drive shaft 1 4. 
A pair of guide arms 181 are attached to the swash 
plate 18. A guide pin 19 is secured to the distal end of 
each guide arm 181. Each guide pin 19 engages and 
slides within the associated guide bore 172. The 
engagement between the guide bores 172 and the 
associated guide pins 19 guides the inclination of the 



swash plate 1 8 and rotates the swash plate 1 8 integrally 
with the drive shaft 14. 

[001 51 Cylinder bores 1 1 1 extend through the cylinder 
block 1 1 . Each cylinder bore 1 1 1 accommodates a pis- 
s ton 20. Each piston 20 defines a compression chamber 
1 12 in the associated cylinder bore 1 1 1 . The piston 20 
is coupled to the swash plate 18 by a pair of shoes 21. 
Rotation of the swash plate 18 is converted into recipro- 
cation of the piston 20 in the cylinder bore 111 by 

w means of the shoes 21. 

[0016] As shown in Figs. 1 and 3, a suction chamber 
131 and a discharge chamber 132 are defined in the 
rear housing 13. A partition plate 22 and a pair of valve 
plates 23. 24 are arranged between the cylinder block 

is 1 1 and the rear housing 13. A suction port 221 and a 
discharge port 222 are provided for each cylinder bore 
1 1 1 on the partition plate 22. A suction flap 231 is pro- 
vided for each suction port 221 on the valve plate 23 to 
open and close the suction port 221. A discharge flap 

20 241 is provided for each discharge port 222 on the valve 
plate 24 to open and close the discharge port 222. A 
retainer 37 limits the opening degree of the cfischarge 
flap 241. 

[0017] When each piston 20 moves from its top dead 
25 center position to its bottom dead center position, refrig- 
erant gas is drawn into the corresponding suction port 
221 from the suction chamber 131 thereby opening the 
suction flap 231 to enter the associated compression 
chamber 112. When the piston 20 moves from the bot- 
30 torn dead center position to the top dead center posi- 
tion, the refrigerant gas compressed in the compression 
chamber 112 opens the corresponding discharge flap 
241 and flows into the discharge chamber 132 through 
the associated discharge port 222. 
35 [0018] The compressor constitutes a part of a refrig- 
eration circuit 38. The refrigeration circuit 38 includes a 
condenser 39, a pressure-type expansion valve 40 and 
an evaporator 41. The condenser 39 receives high- 
pressure, high-temperature gaseous refrigerant from 
40 the discharge chamber 1 32 of the compressor. The con- 
denser 39 then cools the refrigerant by transforming 
heat to the outside air thereby liquefying the refrigerant. 
The expansion valve 40 receives the liquefied refriger- 
ant from the condenser 39 and expands the refrigerant 
45 into low temperature, low pressure mist The evaporator 
41 gasifies refrigerant mist by performing heat 
exchange between the refrigerant and air to be sent to 
the passenger compartment The gasified refrigerant is 
drawn into the suction chamber 131 of the compressor. 
so The expansion valve 40 adjusts the flow rate of refriger- 
ant sent to the evaporator 41 in accordance with the 
pressure of the refrigerant discharged from the dis- 
charge chamber 132, or the discharge pressure Pd of 
the compressor. 
55 [0019] Fig. 5 is a Mollier diagram for carbon dioxide 
refrigerant. The horizontal axis represents enthalpy, and 
the vertical axis represents pressure. Line E1 repre- 
sents a saturated liquid line and a saturated vapor line. 
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Line E2 represents a critical temperature line of carbon 
dioxide. Line D1 represents the evaporation phase in 
the evaporator 41. Line D2 represents the compression 
phase, or the compression stroke, of the compressor. 
Line 03 represents the condensation phase, which 
occurs in the condenser 39. Line 04 represents the 
expansion phase, which is caused by in the expansion 
valve 40. In the example of Fig. 5, the outside tempera- 
ture Te, which is represented by line E3, is higher than 
the critical temperature represented by the critical tem- 
perature line E2. Therefore, the condensation of carbon 
dioxide refrigerant is performed in a super-critical range, 
that is, at temperatures higher than the critical tempera- 
ture. 

[0020] The inclination of the swash piate 18 varies in 
accordance with the difference between the pressure of 
the control chamber 121 and the pressure of the com- 
pression chambers 112. More specifically, the differ- 
ence between the pressure of the control chamber 121 
(control pressure Pc) and the pressure of the suction 
chamber 131 (suction pressure Ps), or the pressure dif- 
ference Pc-Ps, determines the inclination of the swash 
plate 18. In this compressor, the control pressure Pc is 
maintained at a value that is higher than the suction 
pressure Ps (PoPs). An increase in the pressure differ- 
ence Pc-Ps decreases the inclination of the swash plate 
18. This shortens the stroke of each piston 20 and 
decreases the displacement of the compressor. On the 
other hand, a decrease in the pressure difference Pc-Ps 
increases the inclination of the swash plate 18. This 
lengthens the stroke of each piston 20 and increases 
the displacement. 

[0021] As shown in Fig. 1, a displacement control 
valve 25 is arranged in the rear housing 13 to control the 
flow of refrigerant gas from the discharge chamber 132 
to the control chamber 121. The refrigerant gas in the 
control chamber 121 flows through a pressure relief 
passage 113, which has a throttle, and then enters the 
suction chamber 131. The pressure in the control cham- 
ber 121, or the control pressure Pc, is determined by 
two factors. The first factor is the flow rate of refrigerant 
gas sent out of the control chamber 121 and into the 
suction chamber 131 through the relief passage 113. 
The second factor is the flow rate of refrigerant gas sent 
into the control chamber 121 from the discharge cham- 
ber 132 by way of the control valve 25. 
[0022] As shown in Fig. 4, the displacement control 
valve 25 has a solenoid 26 and a valve mechanism 27. 
The solenoid 26 includes a coil 261, a steel fixed core 
262, a steel movable core 263, a drive rod 264, which is 
secured to the movable core 263, and a return spring 
265. The valve mechanism 27 includes a case 28, a 
valve chamber 281 defined in the case 28, a valve body 
29 accommodated in the valve chamber 281 and a sup- 
port spring 30 for supporting the valve body 29. 
[0023] When the coil 261 is supplied with electric cur- 
rent, an electromagnetic attractive force is generated 
between the movable core 263 and the fixed core 262. 



Thus, the drive rod 264, which is secured to the mova- 
ble core 263, urges the valve body 29 in a direction clos- 
ing the valve hole 282. The return spring 265 urges the 
movable core 263 away from the fixed core 262. 

5 [0024] The case 28 includes a port 283. The valve 
chamber 281 is connected with the control chamber 121 
by the port 283 and a passage 31 . The valve hole 282 is 
connected with the discharge chamber by a passage 
32. When the valve body 29 opens the valve hole 282, 

10 the high-pressure refrigerant gas in the discharge 
chamber 1 32 is sent to the control chamber 1 21 through 
a pressurizing passage, which is formed by the passage 
32, the valve hole 282, the valve chamber 281 and the 
port 283. 

15 [0025] A resultant force (Fo+F2) of the force Foot the 
solenoid 26 and the urging force F2 of the support 
spring 30 urges the valve body 29 in the direction clos- 
ing the valve hole 282. A resultant force (Pd1+F1 ) of the 
force Pd1 of the discharge pressure Pd acting on the 

20 valve body 29 and the urging force F1 of the return 
spring 265 acts against the resultant force Fo+F2. That 
is, the resultant force Pd1+F1 urges the valve 29 in the 
direction opening the valve hole 282. Thus, when the 
force Pd1 of the discharge pressure Pd acting on the 

25 valve body 29 is greater than the force Fo+F2-F1 , the 
valve body 29 opens the valve hole 282 and allows high 
pressure refrigerant in the discharge chamber 132 to 
flow into the control chamber 121. On the other hand, 
when the force Pdl is smaller than the force FO+F2-F1 , 

30 the valve body 29 closes the valve hole 282 and stops 
the flow of high pressure refrigerant from the discharge 
chamber 1 32 into the control chamber 1 21 . In this man- 
ner, the control valve 25 controls the flow of refrigerant 
from the discharge chamber 1 32 to the control chamber 

35 121. 

[0026] When the current fed to the solenoid 26 is 
maintained at a constant value, that is, when the force 
Fo of the solenoid 26 is constant, the valve body 29 
moves in accordance with fluctuations of the force Pd1 , 

40 which is the force of the discharge pressure Pd acting 
on the valve body 29. More specifically, an increase in 
the discharge pressure Pd, or an increase in the force 
Pd1 increases the opened area of the valve hole 282 
thereby increasing the amount of refrigerant flowing 

45 from the discharge chamber 1 32 to the control chamber 
121. This raises the control pressure Pc in the control 
chamber 121 thereby increasing the difference between 
the control pressure Pc and the suction pressure Ps. 
Consequently, the inclination of the swash plate 18 

so decreases, which reduces the displacement of the com- 
pressor such that the discharge pressure Pd decreases. 
[0027] When the discharge pressure Pd decreases, 
that is, when the force Pd1 decreases, the valve body 
29 decreases the opened area of the valve hole 282 

55 thereby reducing the amount of high pressure refriger- 
ant from the discharge chamber 132 to the control 
chamber 121 . This lowers the control pressure Pc in the 
control chamber 121 and thus decreases the cfifference 
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between the control pressure Pc and the suctoon pres- 
sure Ps. Consequently, the inclination of the swash 
plate 18 increases, which increases displacement of the 
compressor such that the discharge pressure Pd 
increases. 

r0 O281 In this manner, the control valve 25 functions to 
ower the discharge pressure Pd when the pressure Pd 
increases, and functions to increase the pressure Pd 
when the pressure Pd decreases. In other words, the 
control valve 25 directs the pressure Pd toward a prede- 
termined, or target level. ^_ at „ 
[00291 The control valve 25 changes the predeter- 
mined level toward which the discharge pressure Pd .s 
directed, or the value of the target discharge pressure 
in accordance with the value of the current fed to the 
solenoid 26. For example, an increase in the value of 
the current fed to the solenoid 26 strer^^ the force 
Fo of the solenoid 26 that urges the valve body 29 in the 
dosing direction. This decreases the opened area of the 
valve hole 282 and lowers the control pressure Pc of the 
control chamber 121. As a resutl. 1he cc^ressor dis- 
placement increases and the discharge pressure , P<i is 
increased. The control valve 25 functons to seek the 
increased discharge pressure Pd. In this manner, the 
control valve 25 seeks a higher discharge pressure Pd 
as the value of the current fed to the solenoid 26 
increases. That is. the control valve 25 functions to 
change the target discharge pressure in accordance 
with the value of the current fed to the solenoid 26. 
[00301 A controller 33 illustrated in Fig. 4 controls elec- 
tric current to the solenoid 26 of the control valve 2* 
The controller 33 is formed, for example, by a computer 
and includes a setter 331 for setting a target 
pressure and a supplier 332 for supplying current to the 
solenoid 26. The supplier 332 controls the value of the 
current to the solenoid 26 in accordance with the target 
discharge pressure set by the setter 331. The setter 331 
sets a terget discharge pressure based on ""for^on 
from an outside temperature detector 34. which detects 
the outside temperature, a compartment temperature 
sensor 35. which detects the temperature in ^pas- 
senger compartment, and a temperature adjuster 36^ 
medriver sets a target corrpartmer^emperature .wrth 
the temperature adjuster 36. Thenar 332 co^s 
current to the solenoid 26 such that the set target dis- 
charge pressure is obtained. 

100311 The controller 33 performs a program .n RgJ 
lor controlling the compressor. The setter 331 of the 
controller 33 samples the outside temperature Te 
detected by the outside temperature sensor 34 and the 
compartment temperature Ts detected by the compart- 
ment temperature sensor 35 at every predeterrroned 
interval. Upon receiving the sampled outs.de tempera- 
ture Teat step 101. the setter 331 moves to step 102 At 
step 102 the setter 331 provisionally determines a tar- 
get discharge pressure Pdx The provisional target dis- 
charge pressor Pdx is the minimum value of the 
discharge pressure Pd. The line E4 in Fig. 5 is a data 



map representing the provisional target discharge .pres- 
sure Pdx. The line H in Fig. 6 represents the relabonship 
5£een the outsxfe temperature Te andthe prc^na. 
torget discharge pressure Pdx. The setter 33 1 deter- 
5 mines the provisional target discharge pressure Pdx 
uln7memapdataofF«s.5and6.AsshownmF.g.6, 

^eproviStarget discharge P^re Pdx increases 
as the outside temperature Te. which ,s indicate of the 
thermal toad acting on the refngeraton arcurt 38. 
J0 increases. 

[0032] At step 103. the setter 331 reads the sampled 
Compartment temperature Ts. In a subsequent step 
104. ttie setter 331 judges whether the compartment 
temperature Ts is lower than the lowest value of an 
, 5 JSpiable range. The acceptable range is determined 
based on a target compartment temperature To set by 
the temperature adjuster 36. SpecHtoally. the accepta- 
ble range is from a temperature that « flower *an the 
target temperature To by a predetermined value AT to a 
20 i^^X^^^X^^^^f 
by *e value AT. That is. the a«^e ™ge * 
between the temperatures To-AT and To+AT K*ecorn- 
partment temperature Ts is lower than the towert value 
(To-AT) in the acceptable range at step 104 the setter 
25 331 judges that the thermal load applied to the refoger- 
atton circuit 38 is relatively small for the current retnger- 
ation performance of the circuit 38. 
[0033] At step 105. the setter 331 decreases the value 
of the provisional target discharge pressure Pdx in 
30 accordance with the difference between the cornpart- 
menttemperatureTsand the lowest value (£AT)in*e 
acceptable range. At step 108. the setter 331 sets the 
provisional target discharge pressure Pdx as a target 
discharge pressure Pdo. . 
ss [0034] If the compartment temperature Ts is greater 
than the lowest value (To-AT) of the acceptable range at 
step 104. the setter 331 moves to step 106. At step 106. 
the setter 331 judges whether the compar^erTttemper- 
ature Ts is higher than the highest value (To+AT) in the 
40 acceptable range. If the compartment temperature Ts is 
nighTthan the highest value (To+AT) in the acceptaWe 
range, the setter 331 judges that the thermal toad 
applied to the refrigeration circuit 38 is relafively great 
for the current refrigeration performance of the arcurt 38 

45 and moves to step 107. 

[00351 At step 107, the setter 331 raises the provi- 
sional target discharge pressure Pdx in accordance wrth 
the difference between the compartment temperature 
Ts and the highest value (To+AT) in the acceptable 
so range. At a subsequent step 108. the setter 331 sets *e 
raised value Pdx as the target dtecnarge pressure Pdo. 
100361 H the compartment temperature Ts is equal to 
or lower than the highest value (To+AT) in the accepta- 
ble range at step 106. the setter 331 judges that ttie 
ss compartment temperature Ts is in the acceptable 
range or that the current refrigerant performance of the 
circuit 38 is adequate. In this case, the setter 331 moves 
to step 108 without changing the provisional target d.s- 
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charge pressure Pdx. At step 108, the setter 331 sets 
the provisional target pressure Pdx as the target dis- 
charge pressure Pdo. 

[0037] At step 109. the supplier 332 of the controller 
33 controls current supplied to the solenoid 26 based on s 
the target discharge pressure Pdo set in the previous 
steps. As the target discharge pressure Pdo is 
increased, the supplier 332 increases the current value 
supplied to the solenoid 26. As the target pressure Pdo 
is decreased, the supplier 332 decreases the current 10 
value supplied to the solenoid 26. The solenoid 26 pro- 
duces an urging force in accordance with the supplied 
current value. Thus, the control valve 25 functions to 
seek the target discharge pressure Pdo, which is deter- 
mined by the supplied current value. is 
[0038] A decrease in the thermal load applied on the 
circuit 38 lowers the target discharge pressure Pdo. The 
control valve 25 therefore functions to decrease the 
compressor displacement. On the other hand, an 
increase in the thermal load increases the target dis- 20 
charge pressure Pdo. The control valve 25 therefore 
functions to increase the compressor displacement. 
[0039] As described above, the setter 331 of the con- 
troller 33 sets the target discharge pressure Pdo based 
on the outside temperature Te detected by the outside 25 
temperature sensor 34, the compartment temperature 
Ts detected by the compartment temperature sensor 35 
and the target compartment temperature To set by the 
temperature adjuster 36. In other words, the sensor 331 
obtains the thermal load and the refrigeration perform- 30 
ance of the circuit 38 based on information from outside 
of the circuit 38. The setter 331 then quickly sets the tar- 
get discharge pressure Pdo in accordance with the 
obtained thermal load and the refrigeration perform- 
ance. The supplier 332 of the controller 33 controls the 35 
current supplied to the control valve 25 based on the tar- 
get discharge pressure Pdo. The control valve 25 con- 
trols the flow of refrigerant from the discharge chamber 
1 32 to the control chamber 121, that is, the control valve 
25 controls the difference between the control pressure ao 
Pc in the control chamber 121 and the suction pressure 
Ps thereby controlling the compressor displacement. 
[0040] The discharge pressure Pd of the refrigerant is 
a function of the compressor displacement, or a function 
of the flow rate of refrigerant in the circuit 38. Thus, the as 
controller 33 sets the target flow rate of refrigerant in the 
refrigeration circuit 38 in accordance with the thermal 
load and the refrigeration performance of the circuit 38. 
The controller 33 then controls the current supplied to 
the control valve 25 thereby obtaining the target flow so 
rate. 

[0041 ] The speed of the drive shaft 1 4 is a function of 
the speed of the vehicle engine. Fluctuations of the 
engine speed fluctuate the speed of the drive shaft 14. 
This, in turn, fluctuates the compressor displacement ss 
or the discharge pressure Pd. However, in the embodi- 
ment of Figs. 1-7. the target discharge pressure Pdo is 
determined in accordance with information obtained 



from the outside of the circuit 38, and the discharge 
pressure Pd, which corresponds to the flow rate of the 
refrigerant in the refrigeration circuit 38, quickly seeks 
the target discharge pressure Pdo. This reduces unnec- 
essary operation of the compressor thereby optimizing 
the power consumption of the compressor and the load 
acting on the compressor. 

[0042] When the thermal load is increased, the refrig- 
eration circuit 38 increases the flow rate of the refriger- 
ant in the circuit 38 for enhancing its refrigeration 
performance. When the thermal load is decreased, the 
circuit 38 decreases the flow rate of the refrigerant in the 
circuit 38 for lowering its refrigeration performance. 
Therefore, the thermal load obtained based on the out- 
side temperature Te, the compartment temperature Ts 
and the target temperature To is suitable information for 
quickly adjusting the flow rate of the refrigerant in the 
circuit 38. 

[0043] The setter 331 sets the provisional target dis- 
charge pressure Pdx based on the outside temperature 
Te. The setter 331 judges whether the current compart- 
ment temperature Ts is in the acceptable range based 
on the cunent compartment temperature Ts and the tar- 
get compartment temperature To. If the temperature Ts 
is out of the acceptable range, the setter 331 adjusts the 
provisional target discharge pressure Pdx for obtaining 
the target discharge pressure Pdo. In this manner, the 
target pressure Pdo is optimized for the current status 
and the compressor is optimally controlled. 
[0044] The pressure-type expansion valve 40 controls 
the flow rate of the refrigerant in accordance with the 
discharge pressure Pd, thereby suppressing fluctua- 
tions of the discharge pressure Pd due to speed fluctu- 
ations of the drive shaft 14. Thus, the expansion valve 
40 functions to allow the discharge pressure Pd to seek 
its target value even more quickly. 
[0045] Since the outside temperature and the com- 
partment temperature do not change suddenly, the con- 
troller 33 is not required to process data rapidly. 
Therefore, the control system of Figs. 1-7 is inexpen- 
sively constructed. 

[0046] A second embodiment of the present invention 
will now be described with reference to Figs. 8 and 9. 
Like or the same reference numerals are given to those 
components that are like or the same as the corre- 
sponding components of the embodiment of Figs 1-7. 
[0047] As shown in Fig. 8, a control valve 42 according 
to the second embodiment includes a solenoid 43 and a 
valve mechanism 44. The solenoid 43 includes a coil 
431 , a steel fixed core 432, a steel movable core 433, a 
drive rod 434, which is secured to the movable core 
433, and a return spring 435. The valve mechanism 44 
includes a case 45. a valve chamber 451 defined in the 
case 45, a valve body 46 accommodated in the valve 
chamber 451, a support spring 47 for supporting the 
valve body 46, a pressure sensing chamber 452 defined 
in the case 45, a bellows 48 located in the pressure 
sensing chamber 452 and a spring 49. The bellows 48 
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includes a pressure sensing plate 481 . which is coupled 
to the drive rod 434. The spring 49 urges the plate 481 
in a direction expanding the bellows 48. 
[0048] Suction pressure Ps in the suction chamber 
131 communicates the pressure sensing chamber 452 
by way of a passage 50 and a port 455. The plate 481 
of the bellows 48 receives a force Ps1 of the suction 
pressure Ps in the pressure sensing chamber 452. The 
urging force of the spring 49 acts against the force Ps1 . 
The movable core 433 is urged toward the fixed core 
432 by a force corresponding to the value of current 
supplied to the coil 431 . That is. the urging force of the 
solenoid 43 acts against the urging force of the spring 
49. The return spring 435 urges the movable core 433 
away from the fixed core 432. 

[0049] The case 45 includes ports 453. 454 and 455. 
A valve hole 456 is connected to the control chamber 
121 by way of the port 453 and the passage 31. The 
valve chamber 451 is connected to the discharge cham- 
ber 132 by way of the port 454 and the passage 32. The 
pressure sensing chamber 452 is connected to the suc- 
tion chamber 131 by way of the port 455 and the pas- 
sage 50. When the valve body 29 opens the valve hole 
456. the high-pressure refrigerant in the discharge 
chamber 132 flows into the control chamber 121 
through a pressurizing passage, which is formed by the 
passage 32, the port 454. the valve chamber 451 , the 
valve hole 456. the port 453 and the passage 31 . 
[0050] A resultant force ( Fo+F5+Ps1 ) of the force Fo 
of the solenoid 43. the urging force F5 of the support 
spring 47 and the force Ps1 of the suction pressure Ps 
acting on the bellows 48 urges the valve body 46 in a 
direction closing the valve hole 456. A resultant force 
(F3+F4) of the force F3 of the return spring 435 and the 
force F4 of the spring 49 acts against the resultant force 
Fo+F5+Ps1 . That is. the resultant force F3+F4 urges 
the valve 46 in a direction opening the valve hole 456. 
Thus, when the force Ps1 of the suction pressure Ps 
acting on the bellows 48 is smaller than the force 
F3+F4-FO-F5 . the valve body 46 opens the valve hole 
456 and allows high pressure refrigerant in the dis- 
charge chamber 132 to flow into the control chamber 
121. On the other hand, when the force Ps1 is greater 
than the force F3+F4-Fo-F5 . the valve body 46 closes 
the valve hole 456 and stops the flow of high pressure 
refrigerant from the discharge chamber 132 into the 
control chamber 121. In this manner, the control valve 
42 controls the flow of refrigerant from the discharge 
chamber 132 to the control chamber 121 . 
[0051] When the cunent fed to the solenoid 43 is 
maintained at a constant value, that is. when the force 
Fo of the solenoid 43 is constant, the bellows 48 moves 
in accordance with fluctuations of the force Ps1 . which 
is the force of the suction pressure Ps acting on the bel- 
lows 48. More specifically, as the suction pressure Ps is 
lowered, or as the force Ps1 is weakened, the valve 
body 46 increases the opened area of the valve hole 
456 thereby increasing the amount of refrigerant flowing 



from the discharge chamber 132 to the control chamber 
121. This increases the control pressure Pc in the con- 
trol chamber 121 thereby increasing the difference 
between the control pressure Pc and the suction pres- 
5 sure Ps. Consequently, the inclination of the swash 
plate 1 8 decreases, which reduces the displacement of 
the compressor such that the suction pressure Ps 
increases. 

[0052] When the suction pressure Ps is increased, 
w that is. when the force Ps1 is strengthened, the valve 
body 46 decreases the opened area of the valve hole 
456 thereby reducing the amount of high pressure 
refrigerant flowing from the discharge chamber 132 to 
the control chamber 121. This lowers the control pres- 
15 sure Pc in the control chamber 1 21 and thus decreases 
the difference between the control pressure Pc and the 
suction pressure Ps. Consequently, the inclination of the 
swash plate 18 increases, which increases displace- 
ment of the compressor such that the suction pressure 
20 Ps lowers. 

[0053] In this manner, the control valve 42 functions to 
increase the suction pressure Ps when the pressure Ps 
decreases, and functions to lower the pressure Ps when 
the pressure Ps increases. In other words, the control 
25 valve 42 directs the pressure Ps toward a predeter- 
mined, or target level. 

[0054] The control valve 42 changes the predeter- 
mined level to which the suction pressure Ps is directed, 
or the value of the target suction pressure, in accord- 
30 ance with the value of the current fed to the solenoid 43. 
For example, an increase in the value of the current fed 
to the solenoid 43 strengthens the force Fo of the sole- 
noid 43 that urges the valve body 46 in the closing direc- 
tion. This decreases the opened area of the valve hole 
35 456 and lowers the control pressure Pc of the control 
chamber 121 . As a result, the compressor displacement 
increases and the suction pressure Ps is lowered grad- 
ually. The control valve 42 functions to seek the lowered 
suction pressure Ps. In this manner, the control valve 42 
40 seeks a lower suction pressure Ps as the value of the 
current fed to the solenoid 43 increases. That is. the 
control valve 42 functions to change the target suction 
pressure in accordance with the value of the current fed 
to the solenoid 43. 
45 [0055] The controller 51 controls the current supplied 
to the solenoid 43 in the control valve 42. The controller 
51 includes a setter 511 for setting the target suction 
pressure and a supplier 512 for supplying a cement the 
solenoid 43. The setter 51 1 sets the target suction pres- 
so sure based on information from the compartment tem- 
perature sensor 35 and the temperature adjuster 36. 
The supplier 512 controls current supplied to the sole- 
noid 43 such that the set target suction pressure is 
obtained. 

55 [0056] The controller 51 performs a program in Fig. 9 
for controlling the compressor. At step 201. the setter 
511 of the controller 51 provisionally determines the 
value of the target suction pressure Psx based on the 
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target compartment temperature To set by the tempera- 
ture adjuster 36. 

[0057] At step 202, the setter 51 1 reads the sampled 
compartment temperature Ts. As in the same manner in 
step 104 of Fig. 7, the setter 511 judges whether the 
compartment temperature Ts is lower than the lowest 
the value (To- AT) of the acceptable range, which is 
determined based on the target compartment tempera- 
ture To. If the compartment temperature Ts is lower than 
the lowest value (To-AT) of the acceptable range, the 
setter 511 judges that the thermal load applied to the 
refrigeration circuit 38 is relatively small for the current 
refrigeration performance of the circuit 38 and moves to 
step 204. 

[0058] At step 204, the setter 51 1 increases the value 
of the provisional target suction pressure Psx in accord- 
ance with the difference between the compartment tem- 
perature Ts and the lowest value in the acceptable 
range (To-AT). At step 207. the setter 51 1 sets the pro- 
visional target pressure Psx as a target suction pres- 
sure Pso. 

[0059] If the compartment temperature Ts is greater 
than the lowest value (To-AT) of the acceptable range at 
step 203, the setter 551 moves to step 205. In the same 
manner as step 106 of Fig. 7. the setter 551 judges 
whether the compartment temperature Ts is higher than 
the highest value (To+AT) of the acceptable range at 
step 205. If the compartment temperature Ts is higher 
than the highest value (To+AT) of the acceptable range, 
the setter 511 judges that the thermal load applied to 
the refrigeration circuit 38 is relatively great for the cur- 
rent refrigeration performance of the circuit 38 and 
moves to step 206. 

[0060] At step 206. the setter 51 1 lowers the provi- 
sional target suction pressure Psx in accordance with 
the difference between the compartment temperature 
Ts and the highest value (To+AT) in the acceptable 
range. At a subsequent step 207, the setter 51 1 sets the 
lowered value Psx as the target suction pressure Pso. 
[0061 ] If the compartment temperature Ts is equal to 
or lower than the highest value (To+AT) at step 205, the 
setter 51 1 judges that the compartment temperature Ts 
is in the acceptable range, or that the current refrigerant 
performance of the circuit 38 is sufficient. In this case, 
the setter 511 moves to step 207 without changing the 
provisional target suction pressure Psx. At step 207, the 
setter 51 1 sets the provisional target pressure Psx as 
the target discharge pressure Pso. 
[0062] At step 208, the supplier 512 of the controller 
51 controls current supplied to the solenoid 43 based on 
the target suction pressure Pso set in the previous 
steps. As the target suction pressure Pso is raised, the 
supplier 51 2 decreases the current value supplied to the 
solenoid 43. As the target pressure Pso is lowered, the 
supplier 512 increases the current value supplied to the 
solenoid 43. The solenoid 43 produces an urging force 
in accordance with the supplied current. Thus, the con- 
trol valve 42 functions to seek the target suction pres- 



sure Pso. which is determined by the value of the 
supplied current. 

[0063] A decrease in the thermal load applied to the 
circuit 38 raises the target suction pressure Pso. The 

s control valve 42 therefore functions to decrease the 
compressor displacement. On the other hand, an 
increase in the thermal load lowers the target suction 
pressure Pso. The control valve 42 therefore functions 
to increase the compressor displacement. 

10 [0064] As described above, the setter 51 1 of the con- 
troller 51 sets the target suction pressure Pso based on 
the compartment temperature Ts detected by the com- 
partment temperature sensor 35 and the target com- 
partment temperature To set by the temperature 

15 adjuster 36. In other words, the sensor 51 1 obtains the 
thermal load and the refrigeration performance of the 
circuit 38 based on information from outside of the cir- 
cuit 38. The setter 51 1 then quicWy sets the target suc- 
tion pressure Pso in accordance with the obtained 

20 thermal load and the refrigeration performance. The 
supplier 512 of the controller 51 controls the current 
supplied to the control valve 42 based on the target suc- 
tion pressure Pso. The control valve 42 controls the flow 
of refrigerant from the discharge chamber 132 to the 

25 control chamber 121, that is. the control valve 42 con- 
trols the difference between the control pressure Pc in 
the control chamber 121 and the suction pressure Ps 
such that the target suction pressure Pso is obtained. 
The compressor displacement is controlled, accord- 

30 ingly. 

[0065] The suction pressure Ps of the refrigerant 
drawn into the compressor is a function of the compres- 
sor displacement or a function of the flow rate of refrig- 
erant in the circuit 38. Thus, the controller 51 sets a 

35 target flow rate of refrigerant in the refrigeration circuit 
38 in accordance with the thermal load and the refriger- 
ation performance of the circuit 38. The controller 51 
then controls the current supplied to the control valve 42 
thereby obtaining the target flow rate. 

40 [0066] Fluctuations of the engine speed fluctuate the 
speed of the drive shaft 14. This, in turn, fluctuates the 
compressor displacement, or the suction pressure Ps. 
However, in the embodiment of Figs. 8 and 9, the suc- 
tion pressure Ps, which corresponds to the flow rate of 

45 the refrigerant in the refrigeration circuit 38, quickly 
seeks the target suction pressure Pso, which is deter- 
mined in accordance with information obtained from the 
outside of the circuit 38. Therefore, as in the embodi- 
ment of Rgs. 1-7, the embodiment of Figs. 8 and 9 

so reduces unnecessary operation of the compressor 
thereby reducing the power consumption of the com- 
pressor and the load acting on the compressor. The 
compressor of Figs. 8 and 9 shares the other advan- 
tages with the compressor of Fig. 1 -7. 

55 [0067] A third embodiment of the present invention will 
now be described with reference to Figs. 10-12. Like or 
the same reference numerals are given to those compo- 
nents that are like or the same as the corresponding 
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components of the embodiment of Figs 1 -7. 
[0068] As shown in Fig. 1 0, the compressor according 
to the third embodiment has two control valves 25. 62. 
The first control valve 25 has the same construction and 
function as the control valve 25 of Fig. 4 and controls the 
flow rate of refrigerant supplied from the discharge 
chamber 132 to the control chamber 121 . Therefore, the 
same reference numerals are given to those compo- 
nents that are the same as the corresponding compo- 
nents of the control valve 25 of Fig. 4. The second 
control valve 62 controls the flow rate of refrigerant 
released from the control valve 1 21 to the suction cham- 
ber 131. Thus, the control pressure Pc in the control 
chamber 121 is controlled by the first control valve 25. 
which supplies refrigerant to the control chamber 121. 
and the second control valve 42. which releases refrig- 
erant from the control chamber 121 
[0069] As illustrated in Fig. 10. the second control 
valve 62 includes a solenoid 63 and a valve mechanism 
64 The solenoid 63 includes a coil 631. a steel fixed 
core 632. a steel movable core 633. a drive rod 634, 
which is secured to the movable core 633. and a return 
spring 635. The valve mechanism 64 includes a case 
65, a valve chamber 651 defined in the case 65, a valve 
body 66 accommodated in the valve chamber 651, a 
bellows 68 located in the valve chamber 651 and a 
spring 69. The valve body 66 is coupled to the dnve rod 
634 The bellows 68 includes a pressure sensing plate 
681 which is coupled to the drive rod 634. The spring 
69 urges the plate 681 in a direction expanding the bel- 
lows 68. 

[0070] The valve chamber 651 is connected to a con- 
trol chamber 121 by a passage 67. The valve chamber 
651 is also connected to the suction chamber 131 by a 
port 652 and a passage 70. When the valve body 66 
opens the valve hole 653 as illustrated in Fig. 1 1 . refrig- 
erant in the control chamber 121 flows into the suction 
chancer 131 by way of the passage 67, the valve hole 
653, the valve chamber 651 , the port 652 and the pas- 
sage 70. 

[0071] The suction pressure Ps in the suction cham- 
ber 131 communicates with the valve chamber 651 by 
way of the passage 70 and the port 652. A force Ps1 of 
the suction pressure Ps in the valve chamber 651 acts 
on the pressure receiving plate 681 The urging force of 
the spring 69 acts against the force Ps1 . The movable 
core 633 is urged toward the fixed core 632 by a force 
corresponding to current value supplied to the coil 631 . 
That is, the force of the solenoid 63 acts against the 
force of the spring 69. The return spring 635 urges the 
movable core 633 away from the fixed core 632. 
[0072] A resultant force (Fo+Ps1 ) of the force Fo of the 
solenoid 63 and the force Ps1 of me suction pressure 
Ps acting on the bellows 68 urges the valve body 66 in 
the direction opening the valve hole 653. A resultant 
force (F6+F7) of the force F6 of the return spring 635 
and the force F7 of the spring 69 acts against the result- 
ant force Fo+Ps1. That is. the resultant force F6+F7 



urges the valve body 66 in the direction closing the 
valve hole 653. Thus, when the force Psl of the suction 
pressure Ps acting on the bellows 68 is smaller than the 
force F6+F7-FO . the valve body 66 closes the valve 
5 hole 653 and stops flow of refrigerant from the control 
chamber 121 to the suction chamber 131 . On the other 
hand, when the force Ps1 of the suction chamber Ps 
acting on the bellows 68 is greater than the force 
F6+F7-FO , the valve body 66 opens the valve hole 653 
10 and allows refrigerant to flow from the control chamber 
121 to the suction chamber 1 31 . In this manner, the sec- 
ond control valve 62 controls the flow of refrigerant from 
the control chamber 121 to the suction chamber 131 . 
[0073] When the current fed to the solenoid 63 is 
75 maintained at a constant value, that is. when the force 
F6 of the solenoid 63 is constant, the valve body 66 
moves in accordance with fluctuations of the force Ps1 . 
which is the force of the suction pressure Ps acting on 
the bellows 68. More specif ically, a decrease in the suc- 
20 tion pressure Ps, or a decrease in the force Ps1 . causes 
the valve body 66 to decrease the opened area of the 
valve hole 653. Accordingly, the amount of refrigerant 
flowing from the control chamber 121 to the suction 
chamber 131 is decreased. This increases the control 
25 pressure Pc in the control chamber 121 thereby 
increasing the difference between the control pressure 
Pc and the suction pressure Ps. Consequently, the incli- 
nation of the swash plate 18 decreases, which reduces 
the displacement of the compressor such that the suc- 
30 tion pressure Ps increases gradually. 

[0074] When the suction pressure Ps increases, that 
is, when the force Ps1 increases, the valve body 66 
increases the opened area of the valve hole 653 thereby 
reducing the amount of refrigerant from the control 
35 chamber 121 to the suction chamber 131 . This lowers 
the control pressure Pc in the control chamber 121 and 
thus decreases the difference between the control pres- 
sure Pc and the suction pressure Ps. Consequently, the 
inclination of the swash plate 18 increases, which 
40 increases displacement of the compressor such that the 
suction pressure Ps is gradually lowered. 
[0075] In this manner, the second control valve 62 
functions to raise the suction pressure Ps when the 
pressure Ps decreases, and lowers the pressure Ps 
45 when the pressure Ps increases. In other words, the 
second control valve 62 functions to direct the suction 
pressure Ps toward a predetermined, or target level. 
[0076] The control valve 62 changes the predeter- 
mined value to which the suction pressure Ps is 
so directed, or the value of the target suction pressure, in 
accordance with the value of the current fed to the sole- 
noid 63. For example, an increase in the value of the 
current fed to the solenoid 63 strengthens the force Fo 
of the solenoid 63 that urges the valve body 66 in the 
55 opening Erection. This increases the opened area of 
the valve hole 653 and lowers the control pressure Pc in 
the control chamber 121. As a result, the compressor 
displacement increases and the suction pressure Ps 
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decreases gradually. The control valve 62 functions to 
seek the lowered suction pressure Ps. In this manner, 
the control valve 62 seeks a lower suction pressure Ps 
as the value of the current fed to the solenoid 63 
increases. Accorcfingly, the control valve 62 functions to 5 
change the target suction pressure in accordance with 
the value of the current fed to the solenoid 63. 
[0077] A controller 73 illustrated in Fig. 10 controls 
supply of electric current to the solenoids 26, 63 of the 
control valves 25, 62. The controller 73 includes a first w 
setter 731 for setting a target discharge pressure and a 
first supplier 733 for supplying a current the solenoid 26. 
The first supplier 733 controls the value of the current to 
the solenoid 26 in accordance with the target discharge 
pressure set by the first setter 73 1 . The controller 73 fur- 15 
ther includes a second setter 732 for setting a target 
suction pressure and a second supplier 734 for supply- 
ing a current to the solenoid 63. The second supplier 
734 controls the value of the current to the solenoid 63 
in accordance with the target suction pressure set by 20 
the second setter 732. 

[0078] The controller 73 performs a program in Fig. 1 2 
for controlling the compressor. The first setter 731 sam- 
ples the outside temperature Te detected by the outside 
temperature sensor 34 and the compartment tempera- 25 
ture Ts detected by the compartment temperature sen- 
sor 35 at every predetermined interval. The second 
setter 732 samples the compartment temperature Ts 
detected by the compartment temperature sensor 35 at 
every predetermined interval. 30 
[0079] As shown in Fig. 12, the first setter 731 reads 
the sampled outside temperature Te and the sampled 
comparfrnenf temperature Ts at step 301. At step 302, 
the first setter 731 sets a target cSscharge pressure Pdo 
based on the outside temperature Te, the compartment 35 
temperature Ts and a target compartment temperature 
To set by the temperature adjuster 36. At a subsequent 
step 303, the first supplier 733 controls the current sup- 
plied to the solenoid 26 of the first control valve 25 in 
accordance with the target discharge pressure Pdo. 40 
The target discharge pressure Pdo and the current sup- 
plied to the solenoid 26 are determined in the same rou- " 
tine, for example, as the routine shown in Fig. 7. 
[0080] The second setter 732 reads the sampled com- 
partment temperature Ts at step 301. At step 304. the 45 
second setter 732 sets a target suction pressure Pso 
based on the compartment temperature Ts and the tar- 
get compartment temperature To. At a subsequent step 
305, the second supplier 734 controls the current sup- 
plied to the solenoid 63 of the second control valve 62 in 50 
accordance with the target suction pressure Pso. The 
target discharge pressure Pso and the current supplied 
to the solenoid 63 are determined in the same routine, 
for example, as the routine shown in Fig. 9. 
[0081] In this manner, the first control valve 25 func- 55 
tions to seek the target discharge pressure Pdo deter- 
mined by the current supplied thereto, and the second 
control valve 62 functions to seek the target suction 



pressure Pso determined by the current supplied 
thereto. 

[0082] The compartment temperature is preferably 
controlled as finely as possible. The second control 
valve 62. which controls the suction pressure Ps, ena- 
bles a fine control of the compartment temperature but 
is not suitable for adjusting the compressor displace- 
ment when there is great fluctuations of the rotational 
speed of the compressor's drive shaft 14. On the other 
hand, the first control valve 25. which controls the dis- 
charge pressure Pd. is suitable for controlling the com- 
pressor displacement when the speed of the 
compressor s drive shaft 14 greatly fluctuates. However, 
the control valve 25 is not suitable for finely controlling 
the compartment temperature. In the embodiment of 
Figs. 10-12, the two control valves 25, 62 are used for 
controlling the cfischarge pressure Pd and the suction 
pressure Ps, respectively. That is, the first control valve 
25 controls the discharge pressure, which is influenced 
by speed fluctuations of the compressor's drive shaft 
14, whereas the second control valve 62 controls the 
suction pressure, which is influenced by fluctuations of 
the compartment temperature. This construction 
reduces the power consumption of the compressor and 
enables satisfactory refrigeration. 
[0083] The compressor of Figs. 10-12 shares the 
other advantages with the compressors of Fig. 1-9. 
[0084] A fourth embodiment of the present invention 
will now be described with reference to Rg. 13. The 
third embodiment is a modification of the compressor of 
Figs. 10-12. Like or the same reference numerals are 
given to those components that are like or the same as 
the corresponding components of the compressor of 
Fig. 10. 

[0085] As illustrated in Fig. 13, the compressor 
according to the fourth embodiment has a different sec- 
ond control 81 valve from that of Fig. 10. That is. the 
second control valve 81 includes a pressure sensing 
chamber 811. The suction pressure Ps in the suction 
chamber 131 is communicated with the pressure sens- 
ing chamber 811. The force of the suction pressure in 
the chamber 81 1 acts against the force of a spring 82 
through a diaphragm 812. The force of the spring 82 
can be adjusted by changing the axial position of a 
screw 83. The diaphragm 812 is displaced in accord- 
ance with the difference between the suction pressure 
Ps in the pressure sensing chamber 81 1 and the force 
of the spring 82. The displacement of the diaphragm 
813 is transmitted to a valve body 814. The valve body 
814. in turn, changes the opened area of a valve hole 
815 thereby controlling the flow rate of refrigerant from 
the control chamber 121 to the suction chamber 131. 
Consequently, the suction pressure Ps is directed 
toward a target value. 

[0086] The second control valve 81 according to the 
fourth embodiment functions substantially in the same 
manner as the control valve 62 of Fig. 10. The differ- 
ence is that the target suction pressure is set by adjust- 
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ing the force of the spring 82 and not by a solenoid. The 
first control valve 25 is controlled in the same manner as 
in the compressor of Figs, 10-12 by a controller 84, 
which includes the first setter 331 and the first supplier 
333 5 
[00871 A f ifth embodiment of the present invention will 
now be described with reference to Fig. 14. The com- 
pressor Fig. 1 4 has first and second control valves. The 
first control valve is the same as the first control valve 25 
of Fig 10 and the second control valve is the same as io 
the control valve 42 of Fig. 8. Therefore, as for the con- 
trols valves like or the same reference numerals are 
given to those components that are like or the same as 
the corresponding components of the control valve 25 of 
Fig 10 and control valve 42 of Fig. 8. 15 
[0088] The first control valve 25 controls the flow rate 
of refrigerant from the discharge chamber 132 to the 
control chamber 121 thereby maintaining the discharge 
pressure at a target value. The second control value 42 
controls the flow rate of refrigerant from the discharge 20 
chamber 132 to the control chamber 121 thereby main- 
taining the suction pressure at a target value. Thatts. 
the f irst and second control valves 25. 42 of F.g . 1 4 both 
control the flow rate of refrigerant from the discharge 
chamber 132 to the control chamber 121 . The second 2s 
control valve 42 is connected to the discharge chamber 
132 by way of a passage 32'. The second control valve 
42 is connected to the control chamber 121 by way of a 
passage 3V. Refrigerant in the control chamber 121 is 
released to the suction chamber 131 by way of the pas- so 
sage 1 13 (see Fig. 1). 

[0089] A controller 95 includes a first setter 951 tor 
setting a target discharge pressure and a first supplier 
953 for supplying a current to the solenoid 26 of the first 
control valve 25. The first supplier 953 controls the 35 
value of the current to the solenoid 26 in accordance 
with the target discharge pressure set by the f rst setter 
951 The controller 95 also includes a second setter 952 
for setting a target suction pressure and a second sup- 
plier 954 for supplying a current to the solenoid 43 of the 40 
second control valve 42. The second supplier 954 con- 
trols the value of the current to the solenoid 43 in 
accordance with the target suction pressure set by the 
second setter 952. ^ ^ 

[0090] The first setter 951 sets a target discharge <s 
pressure Pdo based on the outside temperature Te 
detected by the outside temperature sensor 34. The first 
supplier 953 controls the current supplied to the sole- 
noid 26 of the first control valve 25 based on the target 
discharge pressure Pdo. 

[0091] The second setter 952 determines a target 
suction pressure Pso based on the compartment tem- 
perature Ts detected by the compartment temperature 
sensor 35 and a target compartment temperature To set 
by the temperature adjuster 36. The second supplier 55 
954 controls the current supplied to the solenoid 43 of 
the second control valve 42 based on the target suction 
pressure Pso. The target suction pressure Pso and the 



current supplied to the solenoid 43 are determined in 
the same routine, for example, as the routine shown in 
Fig. 9. 

[0092] In this manner, the first control valve 25 func- 
tions to obtain the target discharge pressure Pdo deter- 
mined by a current supplied thereto, and the second 
control valve 42 functions to obtain the target suction 
pressure Pso determined by a current supplied thereto. 
[0093] The compressor of F.g. 1 4 has substarrbally the 
same advantages as the compressor of Figs. 10-12. 
[0094] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. For example, the present inven- 
tion may be embodied as described below. 
[0095] The intervals for sampling the outside temper- 
ature may be longer than the intervals for sampling the 
compartment temperature. 

[0096] The flow rate of refrigerant from the discharge 
chamber 132 to the control chamber 121 may be main- 
tained at a constant level, and only the flow rate of 
refrigerant released from the control chamber 121 to the 
suction chamber 131 may be controlled by a control 
valve that functions to maintain the discharge pressure 
or the suction pressure at a target value. 
[0097] The control valves may be electromagnetic 
valves that simply selectively open and close. 
[0098] Therefore, the present examples and embodi- 
ments are to be considered as illustrative and not 
restrictive and the invention is not to be limited to the 
details given herein, but may be modified within the 
scope and equivalence of the appended daims. 
[0099] A variable displacement compressor in a refrig- 
eration circuit (38) using carbon dioxide refrigerant The 
compressor changes the inclination of a swash plate 
(18) located in a control chamber (121) in accordance 
with the difference between the pressure in the control 
chamber (121) and the pressure in a suction chamber 

(131) thereby varying the compressor displacement. 
The compressor includes a control valve (25) that 
adjusts the difference between the pressure in the con- 
trol chamber (121) and the pressure in the suction pres- 
sure (131). The control valve (25) controls the flow rate 
of refrigerant supplied from the discharge chamber 

(132) to the control chamber (121) thereby adjusting the 
pressure difference. A controller (33) inputs information 
from the outside of the refrigeration circuit (38). The out- 
side information includes the outside temperature, the 
temperature of a passenger compartment and a target 
compartment temperature set by a temperature 
adjuster (36). The controller (33) sets a target value of 
the pressure of refrigerant discharged from the com- 
pressor in accordance with the outside informaton. The 
controller (33) then controls the current supplied to the 
control valve (25) such that the target discharge pres- 
sure is rapidly reached. The compressor reduces 
unnecessary operation thereby reducing the power con- 
sumption and the load. 
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Claims 

1. A variable displacement compressor used in a 
refrigeration circuit (38) that performs heat 
exchange at temperatures above and below the s 
critical temperature of refrigerant, the compressor 
comprising: 



detector (35) for detecting the temperature of a 
compartment that is air-conditioned by the refriger- 
ation circuit (38) and a temperature setter (36) for 
setting a target value of the compartment tempera- 
ture, and wherein the detected compartment tem- 
perature and the target value are included in the 
information. 



a suction pressure zone (131), the pressure of 
which is the pressure of refrigerant drawn into io 
the compressor from a refrigeration circuit (38); 
a discharge pressure zone (132). the pressure 
of which is the pressure of refrigerant dis- 
charged from the compressor into* the refriger- 
ation circuit (38); is 
a control chamber (121), the pressure of which 
is a control pressure; and 
a control valve (25, 42, 62, 81) that controls the 
difference between the control pressure in the 
control chamber (121) and the suction pres- 20 
sure in the suction pressure zone (131) thereby 
controlling the compressor displacement 
which represents the flow rate of refrigerant in 
the refrigeration circuit (38), wherein the control 
valve (25. 42, 62, 81) controls at least one of 25 
the flow rate of refrigerant supplied from the 
discharge pressure zone (132) to the control 
chamber (121) and the flow rate of refrigerant 
released from the control chamber (121) to the 
suction pressure zone (131) thereby controlling 30 
the difference between the control pressure 
and the suction pressure, wherein the com- 
pressor is characterized by: 
means (34, 35, 36) for obtaining information 
required for controlling the compressor dis- 35 
placement from outside of the refrigeration cir- 
cuit (38); 

means (331, 511, 731, 732, 951, 952) for set- 
ting a target value of flow rate of refrigerant in 
the refrigeration circuit (38) in accordance with 40 
the information; and 

a controller (332. 512, 733, 734, 953, 954) for 
controlling the control valve (25, 42, 62) such 
that the target value is sought. 

45 

2. The compressor according to claim 1 , character- 
ized in that the obtaining means (34, 35, 36) deter- 
mines thermal load acting on the refrigeration 
circuit (38) based on the information. 

50 

3. The compressor accorcfing to claim 1, character- 
ized in that the obtaining means includes a detector 
(34) for detecting outside temperature, and wherein 
the outside temperature is included in the informa- 
tion. 55 

4. The compressor according to claim 3, character- 
ized in that the obtaining means further includes a 



5. The compressor according to claim 4, character- 
ized in that the target flow rate setting means (331, 
731) determines a provisional target value of the 
flow rate of refrigerant based on the detected out- 
side temperature, and wherein the target flow rate 
setting means (331, 731) corrects the provisional 
target value based on a comparison between the 
detected compartment temperature with the target 
value of the compartment temperature thereby 
determining an actual target value of the flow rate of 
refrigerant. 

6. The compressor according to any one of claims 1 to 
5, characterized in that the control valve (25) func- 
tions to maintain the pressure of refrigerant dis- 
charged from the compressor into the refrigeration 
circuit (38) at a predetermined target discharge 
pressure value, and wherein the target flow rate 
setting means (331, 731. 951) sets the target dis- 
charge pressure as a target value of the f tow rate of 
refrigerant in the refrigeration circuit (38). 

7. The compressor according to any one of claims 1 to 
5, characterized in that the control valve (42. 62) 
functions to maintain the pressure of refrigerant 
drawn into the compressor from the refrigeration 
circuit (38) at a predetermined target suction pres- 
sure value, and wherein the target flow rate setting 
means (51 1 , 732. 952) sets the target suction pres- 
sure as a target value of the flow rate of refrigerant 
in the refrigeration circuit (38). 

8. The compressor according to claim 1 , character- 
ized in that the control valve includes a first control 
valve (25) and a second control valve (42, 62, 81), 
and wherein the controller controls at least one of 
the control valves. 

9. The compressor according to claim 8, character- 
ized in that the first control valve (25) functions to 
maintain the pressure of refrigerant discharged 
from the compressor into the refrigeration circuit 
(38) at a predetermined target discharge pressure 
value, and wherein the target flow rate setting 
means (731, 951) sets the target discharge pres- 
sure as a target value of the flow rate of refrigerant 
in the refrigeration circuit (38). 

10. The compressor according to claim 9, character- 
ized in that the obtaining means includes a detector 
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(34) tor detecting outside temperature, and wherein 
the outside temperature is included in the informa- 
tion. 

11. The compressor according to claim 10, character- 
ized in that the obtaining means further includes a 
detector (35) for detecting the temperature of a 
compartment that is air-conditioned by the refriger- 
ation circuit (38) and a temperature setter (36) for 
setting a target value of the compartment tempera- 
ture, and wherein the detected compartment tem- 
perature and the target value are included in the 
information. 

The compressor according to claim 11, character- 
ized in that the target flow rate setting means (731) 
determines a provisional target value of the pres- 
sure of refrigerant discharged from the compressor 
based on the detected outside temperature, and 
wherein the target flow rate setting means (731) 
corrects the provisional target value based on a 
comparison between the detected compartment 
temperature with the target value of the compart- 
ment temperature thereby determining an actual 
target value of the discharge pressure. 

13. The compressor according to claim 8, character- 
ized in that the second control value (42, 62, 81) 
functions to maintain the pressure of refrigerant 
drawn into the compressor from the refrigeration 
circuit (38) at a predetermined target suction pres- 
sure value, and wherein the target flow rate setting 
means (732, 952) sets the target suction pressure 
as a target value of the flow rate of refrigerant in the 
refrigeration circuit (38). 

14. The compressor according to claim 13. character- 
ized in that the obtaining means includes a detector 
(35) for detecting the temperature of a compart- 
ment that is air-conditioned by the refrigeration cir- 
cuit (38) and a temperature setter (36) for setting a 
target value of the compartment temperature, and 
wherein the detected compartment temperature 
and the target value are included in the information. 

15. The compressor according to claim 14, character- 
ized in that the target flow rate setting means (732, 
952) determines a provisional target value of the 
pressure of refrigerant drawn into the compressor 
based on the detected compartment temperature, 
and wherein the target flow rate setting means 
(732, 952) corrects the provisional target value 
based on a comparison between the detected com- 
partment temperature with me target value of the 
compartment temperature thereby determining an 
actual target value of the suction pressure. 

1 6. The compressor according to any one of claims 8 to 



15 characterized in that the first control valve (25) 
controls the flow rate of refrigerant supplied from 
the discharge pressure zone (132) to the control 
chamber (121), and wherein the second control 
valve (42. 62, 81) controls the flow rate of refriger- 
ant released from the control chamber (121) to the 
suction pressure zone (131). 

17. The compressor according to any of claims 1 to 16, 
characterized in that the control valve (25, 42, 62) 
includes a solenoid (26, 43, 63). wherein the con- 
troller (332. 512, 733, 734, 953. 954) supplies a cur- 
rent to the solenoid (26, 43. 63), and wherein the 
value of the current corresponds to the target value 
of the flow rate of refrigerant in the refrigeration cir- 
cuit (38). 

ia The compressor according to any one of claims 1 to 
17, characterized in that the refrigerant is carbon 
dioxide. 
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A method for controlling a variable displacement 
compressor used in a refrigeration circuit (38) that 
performs heat exchange at temperatures above 
and below the critical temperature of refrigerant, 
wherein the compressor includes a suction pres- 
sure zone (131), the pressure of which is the pres- 
sure of refrigerant drawn into the compressor from 
a refrigeration circuit (38). a discharge pressure 
zone (1 32), the pressure of which is the pressure of 
refrigerant discharged from the compressor into the 
refrigeration circuit (38), and a control chamber 
(121), the pressure of which is a control pressure, 
the method characterized by steps of: 

controlling the difference between the control 
pressure in the control chamber (121) and the 
suction pressure in the suction pressure zone 
(131) using a control valve (25, 42, 62, 81) 
thereby controlling the compressor displace- 
ment, which represents thef low rate of refriger- 
ant in the refrigeration circuit (38); 
obtaining information required for controlling 
the compressor displacement from outside of 
the refrigeration circuit (38); 
setting a target value of flow rate of refrigerant 
in the refrigeration circuit (38) in accordance 
with the information; and 
controlling the control valve (25, 42, 62, 81) 
such that the target value is sought 
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Fig. 3 
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Fig. 4 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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refrigerant supplied from the discharge chamber (132) 
to the control chamber (121) thereby adjusting the pres- 
sure difference. A controller (33) inputs information from 
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information includes the outside temperature, the tem- 
perature of a passenger compartment and a target com- 
partment temperature set by a temperature adjuster 
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sure of refrigerant discharged from the compressor in 
accordance with the outside information. The controller 
(33) then controls the current supplied to the control 
valve (25) such that the target discharge pressure is rap- 
idly reached. The compressor reduces unnecessary op- 
eration thereby reducing the power consumption and 
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